INFLUEN TA SILICIULUI ASUPRA
STRATURILOR SUBTIRI TIN SI
TiC DEPUSE PRIN PVD

SILICON'S INFLUENCE ON TiN
AND TiC THIN FILMS OBTAINED
BY PVD

David JOGUET , Bogdan BORCEA", Camelia OLTEANU", Alexandru MUNTEANU ™
"Technological University of Belfort Montbeliard, &rce
" Transilvania University of Brasov, Romania

Rezumat. Scopul acestei lugr este de a prezenta
influenta siliciului asupra structuriisi proprietitilor
straturilor sulbri de TIiC si TiN Tmbogitite prin
procedeul de depunere fizidin vapori (PVD). Straturile
studiate sunt ofnute prin procedeul de pulverizare
catodi@ magnetronig prin utilizarea unui generator
clasic DCsi a unui generator de mare putere (HIPIMS).
Structura cristalografic hexagondl a Ti o se modifia
intr-o rgea cubid centrai de tip NaCl, oddt cu
Tmbogitirea in azot sau carbgmnsinteza compgilor TiN
respectiv. TiC. Adugarea suplimentar a siliciului,
asigus, pe lang fazele cristaline TiN sau TiCsi
formarea unor faze amorfe,8lj, sau SiC,. Proprieitile

Abstract. This paper aims to present the influence of the
silicon on the structure and properties of thimdil type

TiN and TiC, enriched by physical vapour deposition
method. The studied thin films were deposited by
cathodic magnetronic sputtering technigque, using a
classic DC generator and a high power generator
(HIPIMS). The hexagonal crystallographic structofer

Ti modifies into a cubic centred crystal latticea®l
type, together with the nitrogen or carbon enrichinand

the synthesis of TiN and respectively TiC compounds
The supplementary addition of silicon, offers the
conditons for the formation ofSkN, or SiC,
amorphous fazes, besides the crystalline ones (FiN

acestor straturi nanocompozite, cu grosimi de maximTiC). The properties of such nanocomposites filmih

3 um, depind de raportul cantitativ dintre faza afiei
(TiN sau TiC) respectiv faza amar{SiN, sau SiC)),
precumsi de diametrul cristalelor columnare de TiN sau
TiC.

Cuvinte cheie:Nanocompozite, PVD, straturi stib
1. Introducere

Dezvoltarea unor noi materiagetehnologii cu
scopul de ameliorare a propéigibr functionale si

a thickness of maximum 3 pum, depends on the ratio
between the metallic phase (TiIN or TiC) and the
amorphous phaseS{N, or SiC,) and on the TiN or

TiC columnar grains diameter.
Key words: Nanocomposites, PVD, thin films

1. Introduction
The dewvelopment of new materials and new
technologies aiming the improvement of functional

de reducere a energiei consumate este in prezemtoperties and reduction of the consumed energy is

principalul obiectiv al cercétorilor din domeniul
materialelor.
caracterisitici specifice supraé, tratamentele

termice si termochimice clasice s-au dovedit a fi
prea costisitoare, iar in aceste cgndlepunerea

unor straturi sutiri cu proprietiti superioare poate
realiza reducerea cheltuielilor, oferind largi
posibilitati de utilizare. Iniial imbogatirea in carbon
si azot a titanului a servit oloerii straturilor

cristaline de TiGsi TiN, caracterizate de o duritate
ridicati(30 GPa)si un coeficient de frecare redus

nowadays the main objective of materials science

Atunci cand sunt necesare anumiteesearchers. When certain characteristics of the

surfaces are required, the heat-treatments and the
classical thermo-chemical treatments seemed todoe t
expensive, and under these circumstances the
depostition of thin films with better properties can
accomplish the cost reduction purpose, offeriraggel

area of applications. Initially, the carbon andagjen
enrichment was done in order to obtain TiC and TiN
type crystaline films that were characterized ighh
hardness (30 GPa) and low friction coefficient<{0.5

(0,5-0,6). In prezent nanocompozitele realizate pri0.6). Nowadays, the nanocomposites obtained by

adiugarea siliciuluisi sintetizarea unor straturi de
tip Ti-SKC si Ti-Si-N devin subiectul unor noi
cercelri, intrucét exist posibilitatea otinerii unor
materiale, cu noi proprigi superioare, controland
structura prin cantitatea, forgadistribuia fazelor
cristalinesi amorfe.

2. Straturile subtiri de tip TiN si TiC

Titanul o are o rgea cristalografg de tip
hexagonal compaitfapt confrmat de multe lugri
de specialitate.

silicon addition and the synthesis of some thindijl
like Ti-Si-C and Ti-Si-N type, became the subjefct o
new researches, since there is the possibilitytairo
new materials, with higher properties, by contrglli
the structure through the form and distributiorthef
crystalline and amorphous phases.

2. TiN and TiC type thin films

Titanium o has a hexagonal compact
crystallographic structure, confirmed by several
authors.
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imbogitirea in carbon sau azot a titanutui The carbon or nitrogen enrichment of the alpha
conduce la sinteza complor TiN respectiv TIC titanium leads to the synthesis of TiN and TiC
caracterizé de o rgea cristalografi¢ cubica cu fge ~ compounds characterized by a face centred cubic
centrate de tip NaCl. Formarea cogijou TiC si crystallographic lattice, NaCl type. The forming of
TiIN se realizeaz prin ocuparea pogior TiC and TiN compounds is realised by the nitrogen
interstiiale ale reelei titanului de &tre atomii de and carbon atoms that occupies the interstitial
azot si carbon. Dup J.P. Mercier [1], structura positions from the titanium’'s lattice. After J.P.
cristalelor formate din compuionici, mono sau Mercier [1], the structure of the crystals formed
bivalerti este o structdrcompadi, cristaliri sieste  from mono or bivalent ionic compounds, is a
condiionat de anumite retd intre narimile  compact, crystaline structure and is conditiongd b
atomilor. Astfel in reldga (1), in care RTi este raza, certain relations between atoms size. Thus, relatio
iar RN este raza atomiica azotului, se prezint (1), where RTi and RN is the atomic radius,

condiia de formare a TiN. presents the TiN forming condition.
033< i < 072 pm )
RN
Datoriti raportului intre rarimile razelor Due to the ratios between the nitrogen and

atomice ale azotulyi titanului formarea cristalului titanium atomic sizes, the TiN crystal formation is
de TiN se realizeaz printr-o woam crestere in  done by a slight increase in volume. Consequently,
volum. Tn consecid rezultatul obinut in urma the result obtained by the process of the TiC and
procesului de formare a Tig TiN il reprezini  TiN formation is the emergence of network
apariia n rgeaua cristalografic a tensiunilor crystallography internal stresses that ultimately
interne ce contribuie in final la cterea duriitii contribute to increasing hardness [2, 3]. This
[2,3]. Acest fenomen de durificare va fi mult mai hardening phenomenon will be more pronounced in
accentuat in cazul carbonului datbniaizei atomice the case of carbon due to larger atomic radius than
mai mari decét cea a azotului. the one of nitrogen.

Adaugarea siliciului  pstreaz  structura The silicon addition preserves the crystal
cristaliri a TiC si TiN, dar le modifi@ formasi  structure of TiN and TiC, but changes the shape and
dimensiunile prin apatia la limita acestora a size by the appearance, at the grain limits, of the

fazelor amorfe, proprii siliciului. amorphous phases, specific to silicon.
3. Obtinerea straturilor Ti-Si-N si Ti-Si-C 3. The synthesis of Ti-Si-N and Ti-Si-C films
Straturile compozite de TiN/as8i, respectiv TiN/a-SiN, and respectively TiC/a-&,

TiC/a-SiC, sunt de regdlrealizate prin pulverizare composite films are usually obtained by cathodic
catodi@ magnetronig. Pulverizarea magnetrofic magnetron sputtering. Magnetron sputtering takes
are loc in condiile de vid nalt, in prezga unui  place under high vacuum, in the presence of a
gaz plasmagen (Ar), prin aplicarea unei difegese  working gas (Ar), by applying a high voltage
tensiune ridicate intre catodnte — furnizoare de difference between the cathode (target - suppfier o
titan, siliciu, carbonki anod (substratul pe care are titanium, silicon, carbon) and anode (the subsiate
loc depunerea). Temperatura din incinta dewhich the deposition occurs). The temperature ansid
depunere este sitdain jurul valorii de 250C, iar  the chamber is located around 25Gand in order to
pentru a se aime un grad ridicat de ionizare al obtain a high ionization degree of the separaieuh fr
atomilor, desprigi de petinte, in spatelgintelor  the target, behind the target permanent magnets are
sunt monté magnei permaneti. Apariia unor noi  mounted. The emergence of new power generators
generatoare de curent electric, necesare addeler are needed to accelerate the ions to the subsinate
ionilor spre substrat, permite realizarea unortgtra allow obtaining some magnetron sputtered thin films
prin pulverizare catodic magnetronig in condfii under special conditions. Thus, these generataors ca
speciale. Astfel pot fi utilizate simultan pe difer be used on different targets simultaneously
tinte atat generatoare clasice DC (curent continuu)generating both classical DC (direct current) and
catsi generatoarele de mare putere HIPIMS [3].  high power generators HIPIMS [3].

Din multitudinea de variante tehnologice de From the many variants of existing and
depunere existentgi posibil de utilizat s-au ales possible technologies to be applied, two were
doud. Pentru sinteza straturilor TiC/ af§j s-au  chosen. For the synthesis of TiC/ &&ifilms two
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utilizat dod tinte, una de Ti (99,99%i alta Si  targets were used, one Ti target (99.99%) and one

(99,99%), iar carbonul a fost asigurat prggzarea Si target (99.99%) while carbon was provided by

pe tinte a unor capsule de grafit. Pentru sintezaraphite capsules located on the targets. For the

straturilor TiN/a-SiNy, tintele au fost tot din titagi synthesis of TiN/a-QN, films, the targets were

siliciu de aceigi puritate, iar azotul necesar a fostagain of titanium and silicon with the same purity,

introdus continuu in incinta de depunere. and nitrogen was continuously introduced in the
deposition chamber.

4. Tmbogitirea Tn siliciu 4. Silicon enrichment

Modificarea compoziei chimice a straturilor Changing the chemical composition of the TiN
de TiNsi TiC prin imbogtirea n siliciu urnireste  and TiC films by silicon enrichment aims to create
creearea congdilor de sinteZ a fazei amorfe N,  the necessary conditions for the synthesis of the
respectiv. SC,. Straturile obnute sunt de tip SiN,, respectively SC, amorphous phase. The
compozit, formate dintr-o structurmetalia TiN obtained films are composite type, consisting of a
sau TiCsi o faza amo#f SiN, sau S|C,. Aceste TiN or TiC metallic structure and a 8|, or SiC,
straturi sunt incadrate de spestaliin grupa amorphous phase. These films are considered by
compozitelor de tip MeAX, in care Me = metal, specialists to belong in the group of MeAX

A = metaloid, X = carbon sau azot. composites, where Me = metal, A = nonmetal,
In ceea ce privge procesul de imbagre in X = carbon or nitrogen.
siliciu a straturilor clasice de TiIN sau TiC, Regarding the silicon enrichment process of the

introducerea atomilor de Si are un dublu efect. Pelassical TiN or TiC thin films, the introductiori o
de o parte se reduc valorile tensiunilor interne di Si atoms has a double effect. On one hand it reduce
strat, ce pot conduce la fisurarea stratului @j,pe the film's internal stresses, which can lead to the
de ali parte, datori micsorarii diametrului  film's crash [4], and, on the other hand, due t® th
graurtilor cristalini, columnari de TiN sau TiGi  diameter decrease of crystalline, columnar TiN or
formarii pe limite (odai cu crgterea in procente TiC grains, and due to the formation at the limits
atomice de siliciu) a unor faze amorfe ddNgisau  (while increasing silicon atomic percentage) of the
SiC,, se nireste duritatea. Modificarea aspectului SiN, sau SIC, amorphous phase, it increases the
straturilor compozite, datorat vafi@ cortinutului  hardness. The changing of the appearance of
in Si, pentru un compozit nc-TiN/azNj este composites thin films due to the variation in Si
prezentat in figura 1. content for a nc-TiN/a-}, composite is shown in
figure 1.
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Figura 1. Modificarea aspectului nanocompozite iTiN/a-SiNy in fungie de coninutul in siliciu
Figure 1. Aspect changes of the nc-TiN/gh§inanocomposites as a function of the silicon conten

Mai multe lucari de specialitate [4, 5] Several authors confirm in their papers [4, 5]
confirma faptul & prezema matricei amorfe @iy, that the presence of thedSy amorphous matrix in
in strat, intr-o anundit proportie, contribuie la the film, in a certain proportion, contribute to an
cresterea suplimentdr a duritati. Trebuie iis  additional hardness. Must be noted, however, that
mertionat & aceast crestere nu este contiiisi ca  this growth is not continuous and that, in certain
la anumite proportii (cristalin — amorf) s-a pus nproportions (crystalline - amorphous) the existence
evidena existeta unor maxime de duritate [6]. of some maximum hardness points were marked
Uneori aceste valori maxime nu sunt asitg, la [6]. Sometimes these maximum values are not
aceleai proportii de faze, depunerea prezentand uriound again at the same phase’s proportions, as the
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fenomen de ireproductibiltate structdralsi  deposition presents a phenomenon of structural and
morfologici. Dup S. Veprek, in [7], acest fenomen morphological non-reproducibility. After S. Veprek,
de ireproductibiltate al duatii straturilor  in [7], this non-reproducibility phenomenon of the
superdure de tip nc-TiN/as8l, sau nc-TiC/a- C,  hardness of nc-TiN/a-8l, or nc-TiC/a- S, hard

se justifi@ prin sensibilitatea procesuluitfade coatings is explained by the process sensitivity to
influenta parametrilor principali ai depunerii: the influence of main deposition parameter:
presiunea paieldi a azotului, temperatura de nitrogen partial pressure, deposition temperature
depunersi puritatea atmosferei de depunere. and the purity of the deposition atmosphere.

Fenomenul de ireproductibilitate al datit si This phenomenon of non-reproducibility of the
structurii este confirmagi de alé lucrare, [8], ca hardness and structure is also confirmed by other
find dependent de tehnologia utilizgirecunsi de  work [9] as being dependent on the used technology
caltatea suprafei substratului pe care se and quality of substrate surface on which the
efectueaz depunerea. deposition is made.

In cazul acestor tehnologii de depunere PVD, In the case of these PVD technologies the
maximul duriitii straturilor de Ti-Si-N este de 60 maximum hardness obtained for Ti-Si-N thin films
GPa, iar a straturilor Ti-Si-C de 40 GPa. is 60 GPa, and for Ti-Si-C thin films 40 GPa.

Este de meionat & Li prezing Tn [8] cea mai We should mention that Li presented in [8] the
mare valoare a duiti straturilor TSN (105 highest hardness value for Ti-Si-N films (105 GPa,
GPa, 0 10.500 HV) obnuta insi prin CVD  [J10.500 HV), but obtained by CVD (Chemical Vapour
(Chemical Vapour Deposition) tehnologie de Deposition), technology which involves reactive
depunere reactivcare presupune temperaturi mult depaosition on temperatures higher than 250°C.
mai mari decat 250 °C. Analyzing figure 2.a, it can be observed that

Urmarind figura 2.a, se constati, odafi cu together with the increasing of the carbon and
cresterea cotinutului de carboni siliciu, duritatea  silicon content the TiSIC film's hardness also
stratului TIiSIC crgte simultan cu crgerea increases simultaneously with the increasing of the
tensiunilor reziduale de compresiune. In figura 2.lcompressive residual stresses. In figure 2.b can be
se pot aprecia duitile unor staturi TiC, lipsite de noticed the hardness of some TiC films, without
siliciu, iar n figura 2.c, efectul adgarii siliciului silicon, and figure 2c shows the effect of adding
care determih cresterea suplimentéra duritii. silicon, determining additional hardness increase.
Sinteza fazei amorfe la limitele grrgor metalice  Synthesis of amorphous phase at the limits of metal
duce la obnerea wunui strat compozit cu clusters provides the obtaining of a composite thin
caracteristici superioare. In cazul apific unei  film with superior characteristics. If an exterioad
sarcini exterioare pe supradiastratului, faza amatf is applied on the fim's surface, the amorphous
va fungiona ca o bariérin propagarea eforturigi  phase wil function as a barrier in the propagatibn
tensiunilor ceea ce va determina o stae a efforts and stresses which will cause an increase i
duritatii, fara manifestarea exageia fragilitatii. hardness, without a rampantly display of fragility.
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Figura 2. Proprigtile straturilor sulgri de tip TiSiC, TiC, TiSiN; influega carbonulugi a siliciului
Figure 2.Properties of TiSiC and TiC thin filmsgtimfluence of carbon and silicon content
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Cresterea cotinutului de Si duce la pierderea
treptai a structuri metalice cristaline a TiN
respectiv TiCsi apartia structurii amorfe [6]. In
figura 3 se constatca in cazul nitrurii de titan,
picul dominant de TiN (111)sii modifica forma,
prin micsorare si largire, odai cu craterea
cortinutului in siliciu.

Diametrul g#urtilor columnari de TiN

Increasing the silicon content lead to a gradual
loss of TiN or TiC crystalline metallic structuradch
to the occurrence of the amorphous structure. In
figure 3 is found that in the case of ttanium idér
the TiIN (111) main peak change its shape by
decreasing and expansion, with the increase in
silicon content.

The TiN columnar grain’s diameters calculated

calculai cu ajutorul formulei Debye-Sherrer s-a with the Debye Sherrer formula were situated

situat in intervalul 8 ... 12 nm.

in cazul TiC prin asugarea siliciului structura
prezink aceea tendina prin pierderea treptata
orientirii cristalografice de maxim densitate TiC
(111) atre o structuf amorf lipsita de orientri
cristalografice.

= T T

between 8 and 12 nm.

In the case of TiC thin films with the silicon
addition the structure shows the same tendency by
gradual loss of crystallographic orientation type€ T
(111) with maximum density to an amorphous
structure without crystallographic orientations.
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Figura 3. Difractogramele straturilor de tip TiCd&Cy si nc-TiN/a-SixNy depuse prin pulverizare catad[i6]

Figure 3. X-ray diffraction patterns for TiC/a-Six@nd

5. Concluzii

Imbogitirea in siliciu a straturilor stibi de
TiN sau TiC este o metddot mai des utilizat in
practici, ea urmarind modificarea structuriisi
implicit imburatatirea proprieitilor superficiale ale
pieselor. Utilizarea acestor straturi prezimteres
deosebit din punct de vedere al projtittr ce pot
fi modificate prin tehnologii specifice ingineriei
suprafeelor, in special a duiti, rezistenei la

nc-TiN/a-SiNy thin films deposited by sputtering [6]

5.Conclusions

Silicon enrichment of thin TiN or TiC thin
films is a method more and more frequently used in
practice, following the modification of the strucgu
and consequently the improvement of surfaces
properties. Using these thin films with particular
interest in terms of properties that can be madiifie
by surface engineering specific technology,
especially hardness, corrosion resistance and
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coroziune si conductibiliitii termice. Orientarea thermal conductivity. The  crystallographic
cristalografi@ a stratului depus se modificrecand orientation of the deposited film is modifying,
de la structura cristalin specifi@ materialelor passing from a crystalline structure specific to
metalicesi caracterizat in cazul de fé de prezeta  metallic materials and characterized in our case by
TiN sau TiC (111) atre o structuf amorfi forma&  the presence of TiN or Tic (111), to an amorphous
din SiN, sau SC,. structure consisting of Bl, or SiC,.

Dimensiunea gurntilor columnari de TiN s-a TiN columnar grains size was situated between
situat intre 4-12 nm, iar tendan principad este de 4 and 12 nm, and the main trend is the decreasing o
diminuare a diametrului coloanelor de TiN sau TiCthe column diameter of TiN or Tic together with the
odat cu Timbogtirea In siliciu. Datort  silicon enrichment. Due to special tribological
proprietitilor speciale tribologice, de rezisténla  properties, wear resistance, low friction coeffitée
uzare, coeficieth redwi de frecare, duritate ridicat high hardness and a relatively low fragility, these
in condiiile unor fragilititi relativ mai scazute, thin films are recommended as coatings for the
aceste straturi sunt recomandate acoperiri sculelarutting tools.
aschietoare.
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